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Abstract 
Leptospirosis is a disease that affects human population and can claim many victims with large outbreaks associated with natural 
disasters. This work focuses on the technological aspects for inexpensive climate monitoring techniques based on ground and 
satellite sensors for obtaining information prior to disease outbreaks in under-developed regions and on water-quality sensors that 
can lead to radical changes in our ability to detect and abate this disease. The remote deployment of such sensors in areas where 
outbreaks can occur can help in enhancing in real-time the spatial and temporal resolution of information and allows unattended 
operation that will be particularly useful for monitoring under extreme climate events. Such types of monitoring advancements, 
when coupled with regular geographical, population and habitat monitoring can assess the hazards and risks to local population 
prior to a disease outbreak. Then in the eventual aftermath, it can assist in identification of affected geographical locations where 
abatement solutions will be required, and eventually in the assessment of the effectiveness of control measures. This work 
explores recent releases of open global observation data and a range of in-situ environmental monitoring tools of increasing 
complexity for measuring several parameters and for detecting contaminants and pathogens that were previously irresolvable due 
to the high degree of complexity in the diagnosis of this disease. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the Organizing Committee of HumTech2015. 
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1. Introduction and the nature of the disease  
Leptospirosis is a zoonotic disease that became recently a major public health problem and a cause of significant 
morbidity and mortality among impoverished populations [1]. This disease originates from zoonotic pathogens 
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associated with asymptomatic rodent carriers. It has emerged to become a major public health problem in much of 
the tropical developing world. Although the spirochaetal agent has been discovered one hundred years ago, it still is 
little understood because it is a complex and dynamic bacterial disease with multiple modes of transmission, 
numerous hosts, a multitude of pathogenic serovars, various clinical manifestations, and difficulty in laboratory 
confirmation. Hence, even today it may claim many victims due to its global distribution, its epidemic potential, its 
presence in domestic animals, small mammals and the natural environment, and its high potential for human 
mortality, if left untreated. 
Leptospirosis is also of particular public health concern due to the influence of certain environmental conditions, 
which means that climate change impacts affects the nature of the disease and influences the magnitude and severity 
of outbreaks. The severity of the illness ranges from subclinical infection to a fulminating fatal disease. It is most 
commonly found in tropical and subtropical locations although incidence is highest in island countries or low-lying 
countries with frequent flooding.  Individuals and geographic regions with limited resources are subject to higher 
rates of leptospirosis compared to other parts of the world. This is likely correlated with poor housing conditions, 
housing density, drainage and sewage, and food storage conditions which increase people’s proximity to rodents.  
While Leptospirosis is primarily a disease of poverty, other high risk groups include outdoor recreational users 
(adventure racers, white water rafters), certain occupational groups (agricultural workers, veterinarians) and 
survivors of natural disasters (floods, hurricanes). For this purpose several international organizations have worked 
together since 2010 in a Global Leptospirosis Environmental Action Network (GLEAN) for setting up surveillance, 
prevention and control demands. This initiative [2] was designed to develop a holistic multidisciplinary approach to 
leptospirosis problem by bringing together different expertise involved in leptospirosis research. It provides direction 
and coordination to fill the many gaps in leptospirosis knowledge with the ultimate goal of translating the research 
findings into operational guidance for communities and countries affected by leptospirosis outbreaks. 
Of increasing concern is the worldwide increase in the number of reported incident cases associated with natural 
disasters and flooding with the most notable outbreaks occurring in: Nicaragua (1995), Peru and Ecuador (1998), 
Orrissa (1998), Malaysia (2000), Jakarta (2002), India (2000 and 2005), Sri Lanka (2008), and Philippines (2009). 
Representative publications about such outbreaks are available [3,4]. The latest reported cases from Aug 2014 to Jan 
2015 are shown in Fig.1 according to 52 alerts reviewed in Healthmap, the WHO online real-time monitoring of 
emerging health threats, with 568 alerts  from 2007 to 2011 [5].  
Fig. 1. The Leptospirosis health map dataset for 52 alerts from Aug 2014 to Jan 2015. Several countries are not reporting cases of this disease due 
absence of diagnostic tools [5].  
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With so many unanswered questions, developing control strategies, particularly in epidemic and outbreak 
situations, becomes extremely difficult, yet exceedingly crucial. This work focuses on the technological aspects of 
this initiative for determining at-risk groups through monitoring and assessing a large number of potential sources of 
infection and the various opportunities for transmission. Improved weather and water quality monitoring techniques 
based on ground and satellite sensors, enhanced by information technologies, lead to radical changes in our ability 
for detection and abatement of this disease,  prior to outbreaks in under-developed regions of the world, 
The implementation of sensor networks for data collection and exposure mapping is reliant on the identification 
of locations where such networks could be of use. Systematic monitoring from satellite images are utilized for 
increasing the potential areas of application, for assessing the geographical representativeness of the measurements 
made by the sensors and proposing the methodology for assessing the environmental conditions that are associated 
with outbreaks of leptospirosis. Unfortunately, several combined deployments of earth observations with ground 
sensors are required for the understanding of the connections between hydrology and human health. Ultimately, this 
will lead to the establishment of early warning system that might investigate the effectiveness of key control 
measures, including vaccines (when they will become available) and affront the water decontamination, and animal 
control issues.  
2. Early disease preparedness and warnings 
Climate related disasters always occur on this dynamic planet, but their destructive impacts on infrastructure and 
people can be mitigated if suitable preparedness steps and taken and when timely warning are issued. Concerning 
outbreaks of leptospirosis, the key issue is that warnings are not always anticipated and infrastructure vulnerabilities 
in poor urbanized areas are not always accurate due to data uncertainties. Hence, this results in higher impact 
essential to the functioning of services and the effectiveness of the response. In this section, a data-driven insight 
with modern tools examines the elements required for anticipating the probable impacts, with actions that could be 
taken for improved preparation to lessen an outbreak and analyzing advance measures that could be critical for 
saving lives and mitigating the outcomes in hotspot areas. Such types of data contain information that could be 
obtained remotely and processed in advance for humanitarian interventions and offered for assistance to local 
authorities.  
2.1. Geographical identification of domains of interest 
The digital elevation dataset for the 3-D representation of a surface terrain is one of the first requirements in an 
area where a leptospirosis outbreak might be expected. Such datasets are commonly available for all over the planet. 
However, as shown in Fig. 2, since the data will be also used for flood assessment risks it is essential that it is of the 
highest possible spatial resolution. Studies with spacing of less than 100m would be required. Fortunately, there are 
several portals that are planning open access to such data and in particular it is worth mentioning the forthcoming 
Sentinel satellites [6], which are expected to provide data in the frame of Copernicus describing the geographical 
details of worldwide domains. 
Of similar importance is the accurate representation of land-cover and land-use. The data from Sentinel-2 in 
2015-2016 will be also help to identify with remote telemetry the current type of activities in the domain either via 
the CORINE land-type of characterization or via Landsat vegetation indices like the Normalized Difference 
Vegetation Index or the Soil Adjusted Vegetation Index [7]. 
Concerning actual data, the Copernicus core that services some Sentinel data has now passed the commissioning 
phase and these data are becoming freely available for the purposes of environment and health. Nevertheless, the 
datasets disseminated have limited value due to coarse spatial resolution and the long revisiting periods. Potentially 
these data could become more useful at later stages of deployment.  
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Fig. 2. Sample of fine digital elevation and water table representation of a leptospirosis hotspot area. The dots represent sites where specific time-
series recording by remote sensors are operational.  
2.2. Population characterization 
The identification of population living in the hotspot area is based on the population density maps from census 
that are repeated every ten years. The attribution of the various age groups can be obtained from national or regional 
age pyramids and statistics as was also reported previously [8]. These numbers could be differentiated in future, on a 
local basis according to gender and social condition. Since these domains are usually in developing parts of the 
world, such data are subject to several local and temporal variations. For this purpose in building a reliable warning 
system, the local attribution of population can be based on light intensity observations as shown in Fig. 3.  
Fig.  3. The lights of North West Africa on 24 Jan 2015 at 2:40:08Z time obtained by the VIIRS instrument from the Suomi National Polar-
orbiting partnership and distributed by US Naval Research Laboratory Marine Meteorology Division [7].  
Such images are also becoming available for remote parts of the world from the Suomi National Polar-orbiting 
Partnership (NPP) satellite launched in October 2011, which has a low-level light sensor that can distinguish night-
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lights with six times better spatial resolution and 250 times better resolution of lighting levels (dynamic range) than 
previously [9]. This sensor is called Visible Infrared Imaging Radiometer Suite (VIIRS) and, since Suomi NPP is a 
civilian science satellite, data is available to scientists within minutes to hours of acquisition. Hence, the VIIRS 
provides complete view of areas prior to storms and can be used before, during and after severe weather extremes.  
2.3. Local biodiversity assessment of animal and land use 
In tropical developing countries, the proximity of rodents in residential homes where food is stored openly and 
where rodent entry is easy increases the risk of leptospirosis.  However, this risk is also influenced by the proximity 
of domestic animals to wild rodents and the proximity of domestic animals to aquatic environments since water acts 
as a relay between the reservoir hosts and the host victims. 
For these reasons, a local biodiversity assessment is essential in quantifying the exposure of population to such 
threats, since all types of rodents from mice to large rodents are considered potential reservoirs. Unfortunately, 
surveillance of rodents and small mammals has been limited until now. Currently, there are no activities or data that 
will allow the prediction of leptospirosis outbreaks based on what is occurring within rodent populations. However, 
based on new features of remote sensing in delivering a variety of data (e.g. multi- and hyperspectral data, radar and 
laser altimetry data) with high spatial and temporal density, a more accurate land characterization and biodiversity 
assessment can be carried out. This can be coupled with data from local surveillance of rodent populations and 
might assist in creating maps of rodent populations with highest rates, from which it could deduced the effect on 
domestic animals and the proximity of domestic animals to aquatic environments. 
It is worth noting that in wild or agricultural settings, rodent populations usually expand in response to rainfall as 
the rain creates more vegetation on which rodents feed. Rodents and shrews are well-established reservoirs for 
leptospirosis and are particularly associated with severe serovar types that are known to transmit more than 60 
different diseases to livestock and people.  On the other hand, other wild and domestic animals play a minor role in 
comparison to domestic animals and human disease outbreaks need further research in order to identify their 
potential role.    
The importance of human density, rodent density, rodent migration and disease prevalence in rodent populations 
all play an important role in understanding and predicting disease outbreaks. Unfortunately, we know very little 
about how these change the prevalence of the disease and the response to local biodiversity factors.   
2.4. Hazard assessment for floods  
With respect to health warning systems, several countries have access to satellite images in order to assess multi-
hazard warnings. These systems are developed in association with various agencies and organizations that act 
together in order to respond and prevent particular threats. In the case of flooding, floodwaters can cause sewage 
discharges, contamination of coastal oceans, inundation of agricultural land (contaminating rice paddies), and 
displacement of animals and humans. Each problem involves different authorities and different actions to minimize 
the health threat associated with leptospirosis.  
The association of leptospirosis outbreaks with floods makes flood forecasting, combined with mapping of risk 
on local population and animals an essential part of the information, especially that concerning the extent and 
duration of floods. Although flood risk mapping based on historical data of floods coupled with demographic 
information on the distribution of the population and their likely response is well known in developed countries, 
such maps are rather uncertain for domains in tropical areas. Yet the accurate prediction of flood hazard is important 
and is only the first step in alerting the relevant authorities of the impending danger. 
Numerical models have been developed for several years now in order to allow the prediction of water discharge 
rates based on different levels of complexity. One could claim that such models [10,11] could be successful in 
developing realistic scenarios such as the extent to which a flood is coupled with a storm surge. However, such 
models are excessively coarse, with horizontal grid resolution of 0.1° (about 10 km in mid-latitude regions) and a 
daily time step for input/output data. Even worse, for meteorology purposes users rely on global atmospheric 
reanalysis with gridded estimates of meteorological variables and surface parameters (horizontal resolution of about 
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80 km). Hence, these are unlikely to provide sufficient warning so that people can take action to avoid the 
contamination of water that results from rising floodwaters, to identify and avoid places where rodents are likely to 
congregate, to avoid direct and indirect contact with floodwaters, and to shelter domestic animals. 
A realistic solution for accurate outbreak warnings is to rely on local operational models with a grid of less than 
500m and the incorporation of climate and weather precipitation data from local real-time in-situ sensors as 
described below.  
2.5. Climate and weather satellite infrastructure 
Anticipatory warning of floods depends on increasing the number of countries who implement a multi-hazard 
warning system as suggested, based on modern satellite infrastructure. Although in the past access to and adequate 
interpretation of satellite imagery and radar reflections were costly, nowadays such portals are becoming more 
acceptable in terms of spatial resolution and more open in the distribution of data, with several releases of images 
per day. Since rainfall is highly variable, floods are often localized events, so this is important in detecting certain 
meteorological hazards at an early stage.  
Therefore, the greater the density of observations or coverage by radar, the greater the probability of identifying 
where flash floods are likely. This information is essential for a rapid response to quickly changing situations. In 
Fig.4 are shown two classical satellite images [12] that could be utilized operationally at various global locations. 
Such images could be used for issuing warning of extreme weather events (hence, minimizing the contamination of 
floodwaters) but also to assist in the identification of where contamination has occurred, and to inform people of the 
areas of highest risk which could reduce disease outbreaks.  
 
Fig.  4. Meteorological satellite images obtained on 8 Feb 2015 at 23:00 UTC time; (a) infrared image indicating clouds; (b) cloud tops at 
different heights indicating the rain potential and intensity [7].  
Accurate predictions and timely issuing of warnings and forecasts that are easily accessible and to understand can 
initiate a series of abatement actions that can be carried out in potential hotspot areas from a few days in advance 
(tropical cyclones) to a few hours (convective summer storms accompanied by hail and heavy precipitation). 
3. Environmental monitoring during outbreaks  
As meteorological hazards cannot be prevented from occurring, mitigating the impact of severe weather and 
continuous environmental monitoring can also help in determining the outcomes during a leptospirosis outbreak. 
During outbreaks, epidemiological maps and models are unlikely to be sufficient for assessing the local conditions. 
Real-world data are therefore essential. Power utilities may not operational and for this reason, autonomous life-
detecting sensors and intelligent smart infrastructures are important especially for public safety and for strategically 
implementing of aid and evacuations.  
a b 
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Such technologies are now being used to develop cheap tools that are capable of providing specific, high spatial 
resolution information and allowing unattended operation, which will be particularly useful for climate and water 
monitoring during extreme climate events. Networking of the sensors enables sensitive monitoring systems to allow 
real-time environmental monitoring and facilitates continuous surveillance of the effectiveness of local interventions. 
3.1. Satellite and drone information for water covered areas 
The World Meteorological Organization (WMO) and regional and national centers already have the capability to 
survey and assess the affected areas where floods or other extreme events have occurred. Of course, these tools and 
expertise are not uniform across all countries and local meteorological and hydrological services might operate 
without modern facilities such as weather radars.   
A centralized system of distributing high-resolution images of affected areas could be useful. The problem is that 
such images might not be frequent enough due to satellite revisit periods or even obscured due to cloud cover. For 
this reason a combination of optical and radar (SAR) sensors would be desirable. SPOT, Pléiades, and TerraSAR-X 
are well known and normally provide their images 15 min to one hour after acquisition. Their combination of optical 
and radar sources, with frequent revisit and high sensor redundancy suitable for environmental monitoring, allows 
fast data acquisition from larger areas due to high revisit rate. However, these services are not free and could 
possibly add an extra financial burden to humanitarian interventions.  
The alternative to satellite observations is the use of unmanned air vehicles equipped with cameras in order to 
assess the status of area of flood-affected areas as shown in Fig. 5. Unfortunately, this is not a cheap solution either. 
The cost of such drones might not be negligible, especially for large area coverage and long fight duration. 
Fig. 5. Flood effected areas can be also monitored daily by unmanned surveillance drones.  
3.2. In-situ climate sensors 
Prior to and during a extreme climatic event, the measurements of meteorological conditions are important. It is 
not realistic to expect that in developing tropical zones we should rely a network of synoptic ground stations for 
measuring the rainfall, temperature, pressure, humidity or upper air (radio probes), air (aircraft) and marine (buoys 
and ships). Fortunately, compact in situ measuring devices (Fig. 6a) are now available with relatively low costs.  
Such devices have very low power consumption and can collect and relay meteorological data in real-time every 10 
minutes over a standard telematic network.  
Networking of the sensor devices enables allows real-time monitoring of local weather condition before and 
during extreme events and enables data transmission between the measurement points and a central control station 
for accurate monitoring in key areas where diseases are expected. In Fig. 6b, Fig. 6c and Fig. 6d are shown the 
temperature, rain and relative humidity for three acquisition intervals. These figures evidence the importance of 10 
min observations even under normal weather conditions, while the 3 hours synoptic frequency of measurements 
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underrepresents the peaks and infrequent 24 hours values from daily satellite revisits can misrepresent the conditions 
at the ground. 
 
Fig. 6. Modern in-situ meteorological sensors during a 10-days real-time monitoring in January 2015; (a) the actual device; (b) local temperature 
at various recording intervals in degrees C; (c) cumulated mm of rain with rates over10min, 3 hour and 24 hour intervals; (d) relative humidity 
(%) over three recording intervals. 
Complementary to low cost in situ observing devices are weather radars, which could be beneficial in countries 
where several annual meteorological extreme events occur. An example of how this might be particularly beneficial 
to developing countries would be in setting up of a network to provide precise knowledge of the distribution of 
rainfall over large geographical areas. Again, this is a solution with a certain financial burden.     
3.3. Real-time water-quality assessment with sensors 
The availability of clean and safe water is a critical issue in developing as well as in developed countries and has 
an important relation to environmentally related diseases. During disasters, contaminated water can be as lethal as 
the primary cause of the disaster. In addition, poor water quality causes over 80 percent of all diseases and more 
than a third of all deaths in developing countries. Hence, development of low-cost devices for monitoring water 
quality is a priority.  
Until now, the assessment of water quality has been generally carried out by the analysis of samples collected 
intermittently at locations that may not be representative. Professional personnel then transport these samples to 
accredited laboratories for analysis and it may take a number of days before the results are available. While this 
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in situations involving moving water or temporal variations due to disaster situations or to climatic increases of 
water flow. 
Information technologies and modern telematic networks [13] can enable the deployment of sensors for reliable 
water quality monitoring and early detection at relatively low cost, to detect and evaluate the concentration of 
pathogens or bacteria. Sensor networks are in principle able to: 
x Provide real-time assessment of water quality; 
x Allow remote surveillance and control enabling continuous monitoring and fast response; 
x Simplify monitoring operations and reduce the cost of water monitoring; 
x Quickly identify the action needed under adverse conditions and following disasters; 
x Assess the migration of water contaminants and quantify the downstream concentrations; 
x Provide early detection of water-borne diseases in areas with seasonal epidemics (e.g. cholera and 
leptospirosis). 
A network of biosensors could provide specific, high spatial resolution information and allow unattended 
operation for the causes of diseases, and allow continuous surveillance with early warning capabilities. The 
implementation of sensor networks for data collection and exposure mapping is reliant on the identification of 
location where such networks could be of use. Systematic monitoring from satellite images can be utilized for 
increasing the potential areas of application, for assessing the geographical representativeness on the measurements 
of the sensors and proposing the methodology for assessing the environmental conditions that are associated with 
outbreaks. Unfortunately, several combined deployments of earth observations with ground sensors are required 
beforehand. Ultimately, this would help in examination of the effectiveness of key control measures, including 
vaccination and help manage the water decontamination, and animal control issues, which act as key carriers to the 
human population. 
4. Response and effectiveness of interventions  
Since leptospirosis mimics a series of infectious diseases that are often endemic and epidemic under the same 
circumstances, clinical diagnosis is often complex and laboratory confirmation is difficult. The assessment of 
outbreaks in collaboration with many concerned organizations such as civil defence and disaster management 
agencies can mitigate disasters and significantly enhance preparedness. These collaborations work well in some 
countries but in others are not functional and need to be strengthened in order to reduce the impact of disasters.   
Though such an approach could be applied anywhere, the local environment with its inherent challenges and 
increasing population pressures might pose specific regional problems. Innovations with sensors, data and analytical 
models might not be sufficient to provide insights into how the leptospirosis outbreaks occur and, more importantly, 
how they will behave, to enable people and systems to be more adaptable. 
For this purpose, a vaccine for widespread use in preventing leptospirosis in humans has to be developed. Current 
vaccines only provide short-term, serovar-specific protection and might come too late in an outbreak.  Therefore, 
because of limited information on local serovars, it is not possible to know whether existing vaccines will give any 
protection. Unfortunately, the development of a universally effective vaccine seems to be rather remote possibility 
in the coming years. For this reason, following the aftermath of an outbreak, our efforts should concentrate on the 
diagnosis of the disease, the exchange of experience from the duration and containment actions and biodiverse 
habitat interventions.  
4.1. Adequacy of diagnostic facilities 
Apart from endemic-level of incidence for ascertaining an epidemic level, the early detection of a leptospirosis 
outbreak requires medical community awareness of the disease together with a network of well-prepared biological 
laboratories able to confirm suspected cases. Furthermore, the ability to distinguish outbreaks from background 
endemic events is critical in order to embark on rapid and focused public health responses. For this purpose, a strong 
surveillance system is needed.  Such a system should interrogate incidences of similar or unknown origin, have the 
capability to examine retrospective cases of data analysis, and be capable to define epidemic thresholds.    
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Aside from public health, environment and animal surveillance should also be conducted for understanding and 
identifying the diversity of causes, the importance of potential animal hosts, and the environmental conditions for 
the survival of bacteria in aquatic environments. A primary concern is the proper collection and transportation of 
specimens to the reference laboratory. Often a reference laboratory is not in place or may have been damaged during 
a natural disaster. In addition, the current incidences and prevalence rates are required and the major hosts of the 
disease may not be known.   
Based on post outbreak evaluation, the dissemination of knowledge or the transformation of existing laboratories 
into specialized leptospirosis centers for specimen collection to strain identification is crucial. In addition, the 
generalization of information for the creation of virtual data centers capable to extract incidence rates and data from 
local environmental surveillance is essential for preventing, predicting, detecting, and responding to outbreaks in 
other locations and for the assessment of chronic evolution of the disease. 
4.2. Duration and containment of disease  
Concerning the incidence rate and temporal evolution of the data from the diagnostic facilities, it is important to 
relate the knowledge regarding the duration and the containment of outbreaks to the precursor environmental 
conditions. Although expensive, an increase in the number of in-situ monitoring devices and the creation of 
operational warning systems in areas where leptospirosis was recently diagnosed can be particularly beneficial. Such 
knowledge can help in the generalisation to other locations of what is to be expected and for correct interpretation of 
information for a rapid response to a quickly changing situation. 
The best message to give the general population in such situations could be that the earlier treated the higher the 
chance of being cured. This strategy, together with strong community awareness and rapid medical consultation, can 
improve outcomes and avoid fatal consequences. Realistic preventive measures minimising exposure (bathing) or 
wearing boots near contaminated waters are also essential instruments for the containment of outbreaks. 
4.3. Habitat interventions and animal population relocation   
Knowing which animal species are involved as reservoirs can greatly improve clinical case management. Prior 
knowledge of locally circulating serovars is essential and advance knowledge on exposure to small mammal 
populations can help to target “hot spots”.  
Campaigns for counting the rodent populations can also assist in containment of an outbreak and understanding 
where and when the highest risks might occur. However, further evaluation needs to be done to determine the 
effectiveness of habitat interventions, as there may be concerns surrounding the practicality of such intervention and 
their response time.   
Understanding the benefits of a reduced rodent population and the proximity to people are relevant to many other 
diseases. Hence, the cost-benefit of fewer rodent pests becomes even more significant when evaluating the multiple 
impacts and improvements in crop production, and damage to human infrastructure.  
5. Concluding remarks 
Although recent knowledge about the outbreaks of leptospirosis have given important insights into the biology of 
this disease, it is now evident that the life cycle of the bacterium is complicated and the assessment of its burden 
strongly depends on the perception of the dynamic relationships between animals, humans and the environment. The 
understanding of the incidence of this disease requires a multidisciplinary initiative for evaluating the link between 
urban leptospirosis outbreaks, natural catastrophes and environmental changes.  
This work indicates that modern technology can significantly improve the surveillance of the precursors, for 
issuing early warnings, for monitoring the evolution and for measuring the effectiveness of implementing response 
measures before, during and in the aftermath of outbreaks. The interaction between climate, the environment and 
disease, including opportunities to provide more timely warnings for the onset of leptospirosis epidemics requires 
information that lies beyond the synoptic weather data and the spatial resolutions of numerical models for assessing 
the role of water and sanitation in disease transmission.  
204   Andreas N. Skouloudis and David G. Rickerby /  Procedia Engineering  107 ( 2015 )  194 – 204 
Fortunately, the advancement of technologies can also lead to a more precise description of the interaction 
between small mammal populations and humans. Hence, more precise thresholds can be established, also allowing 
more precise determination of the duration of necessary interventions.  
Improvement in the diagnostic testing and laboratory capabilities, including the development of a new generation 
of rapid diagnostic tests can help in setting up or strengthening reference diagnostic capacities and disease 
surveillance needs. With the current development of technology, the degree of response to outbreak warnings has 
been improved and the degree of preparedness of humanitarian interventions for the public as well as the authorities 
responsible has been significantly enhanced.  
By utilizing detection and forecasting tools along with social mobilization and health education strategies, rodent, 
small mammal and domestic animal surveillance and improved diagnostic capabilities, leptospirosis outbreaks 
associated with natural disasters can be mitigated.   
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